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Abstract. In recent years, animals have evolved to feed alongside the operating conditions 
and economic environment of growth, so being a farmer was radically transformed. 
Feeding dairy cows in considered a milestone because of its economic importance, gauged by 
productivity in manufacturing of milk a cow gives. 
The paper presents a validation protocol for a UV-VIS quantitative method used to determine 
the amount of urea in milk, using a color complex of urea with diacetilmonoxime and tiosemicarbaside 
in acid medium. The parameters targeted for the validation were: specificity, linearity, detection and 
quantification limits, accuracy and precision. The second purpose of this method is to compare the 
quantity of added urea in daily ratio of Holstein breed and the content transferred in milk, in order to 
determine the quality of milk.  
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INTRODUCTION 
 
Dairy cow is an animal of increasing performance, economic efficiency and 
profitability. Animal productivity is based largely on its diet, thus is modulated according to 
nutritional needs. 
Peculiarities of digestion in ruminants, due to the presence of the rumen micro flora 
make this species a special case. Micro flora represented by 1010 bacteria and 106 protozoa per 
milliliter are found in a perfect symbiosis with the animal (Coulon J.B et al., 2007). This 
symbiosis micro flora/ruminant represents a fine balance, which is very sensitive to food 
errors. 
In early lactation energy and nitrogen requirements are the maximum, which is 
understandable due to the richness of initial milk secretion. 
The effectiveness of microbial micro flora depends on providing the optimal ratio of 
carbohydrate fermenting (essential energy source for microorganisms), degradable protein 
(non-protein nitrogen, urea, which allow microorganisms to synthesize their own proteins), 
vitamins and minerals. (Cauty I. and Perreau J. M, 2009) 
Practical verification of non-protein nitrogen appropriate intake in daily ratio is 
achieved by the determination of urea in milk.  
By comparison with the determination of blood urea which offers only individual, 
punctual information, milk urea determination shows multiple benefits such as independent 
results on collecting time and the result has a collective value that allows the diagnosis of 
livestock or group that receives the same ratio. 
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Thus a lower value of 0.2g/l expresses a limited availability of degradable nitrogen 
with a poor activity of the rumen micro flora. Results superior to 0.33g/l (depending on milk 
production) reveals chronic ammonia intoxication, which can explain reproduction disorders 
(infertility, embryonic mortality, abortion/or digestive disorders (alkalosis), liver failure, 
nutrition dyspnoea or enterotoxaemia for example (Wolter R., 1998). 
The content of ureea in milk is determined by UV VIS spectrophotometric method, a 
simple method involving a coloured complex formed between the tiosemicarbaside, 
diacetylmonoxime and feric chloride in a mixture of sulphuric acid/phosphoric acid 1:1. This 
colored complex present a maximum spectral absorbance at 525 nm. The first part of this 
paper presents the validation UV-VIS methods for the content of ureea in cow milk. The 
validation was performed according to ICH Q2R1 regulations (1996) for analytical 
procedures. 
The validation of method is necessary in order to establish the linear domanin of 
concentration (mg/ml) and the detection and quantification limits.  
 
MATERIALS AND METHODS 
 
Method validation steps In the present study some method validation steps as 
specificity, linearity, accuracy, precision, the limit of detection, the limit of quantification 
were performed as we described below: 
Specificity. For testing the specificity we used the comparison between the UV spectra 
of a standard solution (0.0025 mg/ml urea) a procedural blank control solution. We search for 
spectral interferences of other components of milk at the maximum wavelength of the 
standard solution. 
Linearity. For testing the linearity it was used a calibration curve consisting in 6 point: 
0.0000, 0.0005, 0.0010, 0.0015, 0.0020 and 0.0025 mg/ml, prepared using a certified standard 
solution. For each concentration it was made 6 readings and it was calculate the mean value, 
the standards deviation and RSD for absorbance. Using the mean value of absorbance of each 
point and the concentration it was traced a calibration curve. The acceptance criteria for these 
tests are in Table 1, as we show below:  
 
Tab. 1 
Acceptance criteria for linearity 
 
Acceptance criteria Limits 
RSD ≤ 2.0 
Correlation coefficient, R r≥0.9900 
Linearity coefficient R2  ≥0.9900 
Intercept compare with y, for the first standard ≤5% 
 
Precision. Precision provides an indication of random errors and can be broken down 
into repeatability and reproducibility. We repeated 6 times the assay of urea in the same day, 
by the same analyst, and 6 times  the assay by a different analyst in different days, then we 
evaluate the relative standard deviation (RSD). The acceptance criteria demands that RSD 
should be less than 2%. 
Accuracy. The test for accuracy is intended to demonstrate the closeness of agreement 
between the value found and the value that is accepted either as a conventional true value or 
as an accepted reference value as shown in the EURACHEM guide (1998). 
The accuracy was studied using known amounts of ureea in a control point sample in 
the range of 0.0018 mg/mL, via the recovery coefficient. The accepted criteria for this test are 
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that the recovery factor must be between 95–105% and the standard deviation must be less 
than 2%. 
Limit of detection (DL) and Limit of quantification (QL). For the calculation of the 
detection (DL) and quantification (QL) limits the following equations were used (ICH 
guidelines Q2B, 1996): 
 
     
B
DL Aσ∗= 3.3 ;  
     
B
QL Aσ∗= 10 ; 
 
where σA is the standard deviation of the intercept, and B – the slope of the calibration line. 
Comparative study between different method than can be used to evaluate the ureea 
from milk. In order to determine the relationship between the amount of ureea added to the 
daily ratio (found in the nutritional premixes used in the animal feed) and the concentration of 
ureea recovered in the milk, we establish a new method than can be succesfuly used in 
laboratory to this concentration. After the validation of the method, she was test on some 
samples of cow milk, bovine colostrul, milk powder and liophylized bovine colostrum 
comparative with a colorimetric method provided by Merck Chemical. This method is also a 
spectrophotometric method which is faster but more expensive that this new method. For this 
we use some strips soaked with a substance sensitive to nonproteic nitrogen and the intensity 
of the coloration is read against a standard scale. 
These cows received different quantities of urea as source of nonproteic nitrogen 
(known quantities) in order to compensate the protein intake. The adding of nonproteic 
nitrogen in daily ratio was made respecting a known maximum limits of 25 grams per 100 kg 
net animal weight, 1 percent from the total daily ration or 2 percent from the supplement 
(Volter R. 1998) 
Method description. The most important step of this method is the sample preparation 
because the clarity and the composition of the final solution used to evaluate the urea are 
essential. The first step is to eliminate the protein (nitrogen sources) that can interfere with the 
non-proteic nitrogen expressed as urea, by their precipitation with trichloracetic acid (TCA) 
added in excess. The milk must be analyzed in short time after milking or he must be kept in 
cold condition (below 8°C). For the powders or dry samples, we must use known dilution of 
these samples (1:5 or 1:10). After dilution and homogenization, 50 ml of samples is mix with 
20 ml TCA solution and brings with distillated water to a 100 ml volumetric flask.  A part 
from this mixture is centrifuged at 3000 rpm for 10 minutes and 5 ml of supernatant is mixed 
whit 2 ml of reagent R3 and boiled for 16 minutes in water at 100 Celsius degree, cooled 
immediately in ice water. The samples are kept is rest for about 10 minutes and the 
absorbance is read at 525 nm compared to a calibration curve and to a procedural blank 
solution.  
Materials. The preparation of the reagents used in determination of urea are described 
in Table 2. All the reagents are are analiticaly grade and are provided form the local 
distributors of Merck Chemicals and Lach Ner, as show below: 
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Tab. 2  
Reactives used for the determination of urea 
 
ID Reactives Quantity 
TCA – 20% solution Trichloracetic acid, 99% (Merck, Germany) 20 g in 100 ml distiled water  
R1 Ortophosphoric acid 85% (Lach Ner, Czech 
Republic)  
Sulphuric acid
 
95% (Lach Ner, Czech 
Republic)  
Ferric chloride hexahidrated (Lach Ner, Czech 
Republic)  
100 ml 
 
100 ml 
 
0.45 g 
R2 Diacethylmonoxime (Merck, Germany) 
Tiosemicarbazide (Merck, Germany) 
27 g 
0.77 g 
R3 R1 
R2 
30 ml 
0.77 g 
Urea - standard solution Urea, 99% (Merck, Germany) 1 g/l 
 
The echipments used during the analisys time are used with the permission of SC Bioef 
SRL in whose laboratory were performed all the tests. For the preparation of the reagents and 
samples weight we used an analytical balance (Schimadzu, Italy) with a 0.0001 g accuracy. 
The spectophotometric analisys were performed using a UV VIS spectrophotometer (Varian, 
USA) and for the separation of protein from samples we used a centrifuge (Hermle, Germany) 
a wather bath (Memmert, Germany). 
 
RESULTS AND DISCUSSION 
 
Results obtained during the validation phase. Specificity.  
Comparing the spectra obtained for the reference solution and procedural blank, no 
spectral interference could be noticed at maximum wavelength, respectively 525 nm, as can 
be seen from Figure 1: 
 
 
 
 
Fig. 1. Spectra of 0.0025 mg/ml urea standard solution and blank control solution 
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Linearity, DL and QL. 
The linearity of the method it was study in the range of 0.000–0.0025 mg/ml using the 
525 nm absorption band. The results are presented in Table 3 and Figure 2. For this interval of 
concentration, the curve is linear, issues highlighted by the results obtained for the 6 set of 
solution prepared.  
As we can see in the Figure 2, all the linearity coefficients of the calibration curves are 
higher that the accepted criteria (R not less than 0.99). Using the statistic evaluation of all the 
six curves and the equation mentioned in the subchapter 2.1.5, we could determine the value 
of the detection and quantification limit for this method. As described in Table 3, the limit of 
quantification (QL) is 0.0011 mg/ml urea and the detection limit (DL) is equal with 0.00035 
mg/ml urea.  
Tab. 3 
Linearity, limits of detection an quantification of the method 
 
 
 
Calibration curve
Curba 4
y = 190.46x + 0.3205
R2 = 0.9858
Curba 6
y = 190.46x + 0.3205
R2 = 0.9858
Curba 5
y = 151.59x + 0.3237
R2 = 0.9913
Curba 3
y = 174.84x + 0.3211
R2 = 0.9988
Curba 1
y = 161.03x + 0.3703
R2 = 0.9939
Curba 2
y = 171.41x + 0.3349
R2 = 0.9879
0.3
0.35
0.4
0.45
0.5
0.55
0.6
0.65
0.7
0.75
0.8
0.0000 0.0005 0.0010 0.0015 0.0020 0.0025 0.0030
conc µg/l
Abs
 
 
Fig. 2. Equations curves of all six sets of solutions prepared 
 
Accuracy. For each calibration curves it was prepared a distinct control point of 0.0018 
mg/ml from a different batch of urea and each one of this point was multiply read (5 
individual reads) on the curves. The average of all the 5 concentration obtained from the 
calibration curve was used to evaluate the accuracy of the method express through the 
Parameter Values 
Linearity range, mg/ml 0.000 – 0.0025 
Intercept (median value) 0.3366 
Slope ( median value) 171.405 
Correlation coefficiant (R >0.95) 0.9967 
Linearity coefficient  (R2 >0.95) 0.9934 
Fcalculated versus F tabeled 
(F calc < Ftab) 
4.00 / 10.67 
4.00 < 10.67 
Detection limit DL (mg/ml)  0.00035 
Quantification limit QL (mg/ml) 0.0011 
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recovery coefficient. The results obtained are shown in Table 4 for six calibration curves, and 
as we can se the recovery coefficient is between 97.40% and 103.70% with an average value 
of 100.79%. 
 
Tab. 4  
The statistic data calculated to evaluate the accuracy of the method 
 
Calibration curve  
1 2 3 4 5 6 
0.0018 0.0018 0.0017 0.0018 0.00175 0.0019 Control point  
(0.0018 mg/ml) 0.0019 0.0019 0.0016 0.0019 0.00172 0.0019 
 0.0019 0.0018 0.0016 0.0019 0.00179 0.0018 
Median value 0.0019 0.0018 0.0016 0.0019 0.0018 0.0019 
Standard deviation  0.0001 0.0001 0.0001 0.0001 0.0000 0.0001 
RSD 1.0929 1.1492 1.5348 1.0929 1.5621 1.0929 
Recovery (%) 101.70 101.852 97.4071 101.70 98.407 103.704 
Median Recovery (%) 100.79 
 
Another important statistical parameters usually used in the evaluation of the 
analytical results is the relative standard deviation RSD, which also provide information about 
precision and correctness of the analysis. The RSD value must be less that 2% and as we can 
se in Table 4, for all 6 calibration curves, the calculated deviation is well below the limit with 
an average value of 1.2541%. 
Precision. To evaluate the precision of this new method used to determine the urea 
from milk, we used and statistically compared the results of two different annalist. Each 
annalist prepared and determined the content of urea from 6 samples taken from the same cow 
milk sample. For the statistical evaluation we used the “t” and “Student” tests as shown in 
Table 5. For each test, the calculated value must be lower than the theoretical value taken 
form known tables. The results obtained shown that this new method have a good precision, 
statement supported also by the value of relative standard deviation (RSD). 
 
Tab. 5 
Statistical date obtained during the evaluation of precision of the method 
 
Results  
 
1 
 
2 
(mg/ml) 
 
0.22 0.22 0.18 0.18 0.23 0.18 0.21 0.23 0.24 0.20 0.19 0.19 
Median value 0.20166 0.21000 
RSD (%) 1.562 1.422 
F calculated 1.71 F tabled 
 
5.05 
t calculated 1.8812 
  
 t tabled 
 
2.2281 
 
Comparative study urea in daily ratio – urea in milk. As we can see in Table 6, the 
variation of urea in daily ration determine a variation of the amount of urea in milk but also a 
significant change of the main parameters in milk.  
The increase of the concentration of urea added in feed determined a noticeable 
increase in protein and fat and the amount of urea in milk. Comparing the results obtained 
using both methods; it is obvious that the new method is more specific and more accurate. 
The results obtained for all 4 product are higher that determined with the second methods. To 
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verify the results, we determined also the content of nonproteic nitrogen using the Kjeldalh 
method that confirms the results of the first method.  
The recovery coefficient shown that only 37 -74% from the urea is determined with 
the second method. Figure 3 and 4 show the difference between the results determined using 
both methods. 
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       Fig. 3. Variation of amount of urea in milk       Fig. 4. Variation of amount of urea in versus mill powder
                                        bovine colostrums and colostrums powder 
 
 
Tab. 6 
Concentration of urea in cow milk, bovine colostrums, milk powder and colostrums powder  
determined by 2 methods 
 
Concentration of urea (g/l) 
Method 1 Method 2 
 
Milk powder 
 Lp 1 Lp 2 Lp 3 Lp 4 Lp 5 Lp 6 Lp 1 Lp 2 Lp 3 Lp 4 Lp 5 Lp 6 
 0.093 0.07 0.08 0.09 0.11 0.12 0.034 0.02 0.015 0.03 0.03 0.06 
Mean 0.093 0.034 
R% 36.61 
  Colostrum powder 
 Cp 1 Cp 2 Cp 3 Cp 4 Cp 5 Cp 6 Cp 1 Cp 2 Cp 3 Cp 4 Cp 5 Cp 6 
 0.13 0.13 0.15 0.15 0.17 0.18 0.1 0.09 0.11 0.12 0.135 0.14 
Mean 0.152 0.116 
R% 76.37 
 Cow milk 
 Lc 1 Lc 2 Lc 3 Lc 4 Lc 5 Lc 6 Lc 1 Lc 2 Lc 3 Lc 4 Lc 5 Lc 6 
 0.2 0.19 0.2 0.22 0.23 0.27 0.13 0.15 0.18 0.12 0.14 0.16 
Mean  0.218 0.147 
R% 67.18 
 Bovine colostrum 
 Col 1 Col 2 Col 3 Col 4 Col 5 Col 
6 
Col 1 Col 
2 
Col 3 Col 4 Col 5 Col 6 
 0.28 0.3 0.31 0.34 0.33 0.36 0.16 0.18 0.22 0.21 0.25 0.19 
Mean  0.320 0.202 
R% 63.02 
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CONCLUSIONS 
 
The described validated method can be use successfully for the determination of urea 
in milk and milk products in the range of 0.0000–0.0025 mg/ml. the recovery factor 
determined for standard solution is between 97% -101% that show a good precision of the 
method. 
The method has been validated according to ICH Q2 (R1) recommendations, for 
selectivity, range, detection and quantification limits, accuracy and precision. 
The accepted limit for the urea in milk is 0.22 mg/ml up to 0.36 mg/ml. Over this 
amount, the concentration of urea can be harmful both for animal and human. This method 
was tested compared with other specific method for determination of urea with good results. 
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